Introduction
Thin coating films of diamond, diamond-like carbon(DLC) and carbide are utilized as high-speed cutting tool or protective coat of semiconductor and these materials are made by CH-H2 mixed gas plasma CVD method [1 -3] . In the plasma an electrolytic dissociation of gas molecules is easily induced by glow discharge and a chemical reactive field containing ions, radicals and activated neutral molecules at low temperature are formed in the charged space. The films made by such plasma CVD method have superior physicochemical properties, for example stiff and minute, than that prepared by conventional thermal CVD method. It seems that the surface modification of metal oxide powders is possible using the plasma CVD method.
In this study, we tried heat-treatment of various metal oxide powders in the CH-H2 mixed gas plasma discharge and as a result of deposition or substitution of the hydro-carbonic compounds took place on the surface of the metal oxide samples. We also examined photocatalytic activity of the modified metal oxide powders on the vapor phase decomposition of acetaldehyde and it has become apparent that the plasma-treated titania with partial carbided surface titania has a superior photocatalytic properties.
Method
Oxide power samples were prepared with CH4-H2 mixed gas plasma discharge generated in a microwave cold plasma reactor, described in an earlier report [4] . For example, raw material powders was placed into a quartz reactor and the pressure in the reactor was lowered to 130 Pa and Okabe, Saitama 369-0293, Japan Keywords: Plasma CVD, Photocatalyst, Metal Oxide, Titania then CH4-H2 mixed gas, which adjusted flow rate and ratio was introduced to the reactor with a predetermined pressure. Microwaves of a specific output power were applied to the reactor, generating plasma and producing the surface modified materials.
SEM, XRD, XPS and FT-Raman spectrometer determined the physical properties of the samples. To investigate plasma characteristics, the emission spectrum of the plasma in the wavelength range of 300-800 nm was measured using an optical emission spectrometer.
A vapor phase decomposition of acetaldehyde was performed using batch reactor under the following conditions: initial concentration 1000 ppm, 0.2 g catalyst coated on the glass substrate (60 x 60 mm), room temperature. Black light (380 nm) was used as a light source. An FID gas chromatograph was used to analyze the concentration changes of acetaldehyde.
Results and Discussion
Eleven kinds of metal oxide powders such as A1203, S102, T102, V205, Cr203, Fe203, ZrO2, Nb205, MoO3, WO3 and Ta205 were used for starting materials to improve their surface properties using CH4-H2 mixed gas plasma heating method. Some surface characteristic results, which are shown in Figure 1 , of the plasma heat-treated samples were obtained.
Innumerable twist and turned fibriform materials were observed on the surface of plasma heat-treated silica sample, described in previous paper [s] . The formation of film-like diamond or DLC on substrate can be appreciated by Raman spectrometric measurement.
I. Photopolym. Sci. Technol., Vol.15, No.2, 2002 When the anatase type titania was treated by CH-H2 plasma, only the surface turned gray. On the results of XPS measurement, the formation of titanium carbide or oxycarbide on the titania surface was confirmed. This result is supposed to have occurred as a consequence of the substitution of the oxygen lattice of TiO2 by the carbon of CH4.
The crystal structure of the raw material and plasma-treated sample was determined by XRD measurement.
Same anatase type of crystal structure could be identified in both of the samples.
The raw material of Fe2O3 powder was heat-treated by the CH4-H2 plasma. The reduced sample of FeO was obtained. In the case of V2O5, Cr2O3 and MoO3 powders the sintered samples were obtained by the plasma-treatment. Figure 2 shows the result of emission spectrophotometry measurement. Some emission peaks based on CH (400,420 nm), H a (660 nm), H Q (486 nm) and activated H2 molecule (around 600 nm) were clearly observed at a gas pressure of 130 Pa. As the gas pressure in plasma increased, all the luminous intensities decreased sharply. The case of carbide or oxycarbide formation, it seems that the hydrogen radicals reduced the surface lattice oxygen atom and the CH radicals substituted instead of the lattice oxygen.
We examined photocatalytic activity of the modified metal oxide powders on the vapor phase decomposition of acetaldehyde under the ultraviolet irradiation. As shown in Figure 3 , it has become apparent that the plasma-treated. TiO2 sample has a superior photocatalytic property.
On a comparison of the catalytic activity between heat and plasma-treated samples, the rate constant of the plasma-treated catalyst was approximately double numerical value in the same conditions. 
